The process of designing Strain Hardening Cementitious Composites (SHCC) is driven by the need to achieve certain performance parameters in tension.
higher energy dissipation ability exists at the level of a single crack, which is system has been used to document the generated deformations at the sur-95 face of the specimens during testing. The so-called Digital Image Correlation
96
(DIC) technique involves the comparison of two digital images of the surface 97 of an object before and after deformation using an appropriate correlation 98 technique [22] . The accuracy of the correlation between the recorded images 99 depends mainly on the quality of the image speckle pattern (including light 100 conditions) and the resolution of the imaging system [23] . By using DIC, the 
Materials and Methods

107
Materials
108
In this study the tensile behavior of seven different fiber reinforced ce- Table 1 .
115
Fibers of three different natures were used: PVA (polyvinyl alcohol), PAN
116
(polyacrylnitrile) and PP (polypropylene). The main geometrical and me-117 chanical properties of these fibers are presented in Table 2 118 
Single Crack Tension Test (SCTT)
The main pre-requisite to the direct and objective characterization of the 125 tensile stress-crack opening behavior during the initiation and propagation 126 stages is the obtaining of a single crack during the entire loading sequence. to the minimization of the thickness of the created notches.
133
In general terms, cracking saturation in SHCC materials is achieved when, cracking to occur in the immediate vicinity of the primary induced crack.
145
The specimen dimensions and final geometry are presented in Figure 1 .
146
The length of the specimen was 120 mm and the free distance between the 147 fixed ends during testing was 70 mm. To produce six specimens of each 148 composite, plates of 600×125×20 mm 3 (length×width×thickness) were cast,
149
sealed and left to cure for 28 days. The casting surface of the plates was then 150 ground to a thickness of 12 mm and a matrix of 2×3 specimens was cut from 151 the central part of the plate (see Figure 1 . After curing, the 0.5 mm thick 152 notches were cut in the coupon specimens using a small diamond cutting 153 disc. The high rotation speed of the disc and a delicate setup were used to 154 avoid causing damage in the specimens.
155
The testing sequence consisted of applying a displacement controlled con- Figure 1: Specimen geometry used in the assessment of the tensile stress-crack opening behavior.
162
this study is presented in Figure 3 where a single crack was formed and char-163 acterized in tension. After adopting this geometry the formation of a single 164 crack was consistently obtained in tests conducted subsequently. 
Tensile stress-crack opening results
167
The results obtained after testing the specimens in direct tension are 168 presented in Figure 4 . The tensile stress values (nominal tensile stress) pre- 
Crack initiation
Numerical model
183
The notches inserted at the middle section of the specimens produce a the left half of the modeled portion is displayed. In Figure 7 and Figure 8 x , (u ) 3 3 Boundary conditions:
Figure 6: 3D finite element mesh used to model the specimen, boundary conditions and prescribed displacement increment. 
Numerical results
242
In Figure 10 the general load-displacement curve obtained with the nu-243 merical model is presented. Increments 2, 10 and 36 of the increment-iterative 244 algorithm are highlighted for three distinct load levels.
245
The effect of the notches and specimen geometry are best understood are represented for the two of the distinct load levels previously identified in 249 Figure 10 .
250
The stress fields generated at the outer surface of the specimen (x 3 = 6 251 mm, Figure 6 ) are also displayed in Figure 12 . These allow the visualization 252 of the effect produced by the longitudinal notches, which seem to help with 253 keeping the path of the crack progression confined inside the notched section.
255
The numerical results presented in Figure 10 to Figure 12 show that the referred corners when the tensile load reaches 13% of the tensile peak load
264
(load increment 2, see Figure 10 ). Therefore cracking process starts early.
265
The results obtained allow establishing a relation between the local ten- In order to allow the optical inspection of the crack, the geometry of the 
Image analysis results
413
Specimens with the geometry presented in Figure 17 were tested and a The results in terms of major principal strains at the facet overlay are rep-427 resented in Figure 20 . The stages highlighted previously (see Figure 19 ) are 428 identified in each frame.
430
The image-based monitoring of the cracking process near the notched area 431 allowed the detailed tracing of the crack initiation and propagation stages.
432
The initiation of the tensile crack is already visible in stage 9, near the two 
455
As shown in Figure 21 , the notch creates the necessary local stress or de-456 formation conditions to the initiation of a single crack. After initiation, the 457 crack propagates to the center of the specimen, remaining single and straight.
458
After the full development of the crack throughout the entire specimen, the and compared to the experimental average curve previously shown.
479
The numerical response obtained is mostly identical to the experimen-480 tal, with slight differences observed at the initial stage. While the crack is 481 forming, the specimen geometry influences somewhat the results obtained.
482
As shown in Figure 11 , although the tensile stresses in the region where the traction-separation law adopted in the numerical model is derived utilizing 487 the experimental tensile stress-crack opening curve, the described effect may and ending at the tip of the notch (x 1 = 15 mm, see Figure 6 ). 
537
The image-based analysis described in previous section was utilized to in- The sequence of stages previously described consists of an interpretation 643 of complex mechanisms taking place at the level of a single crack in the 644 bulk composite, which summarize and condense in a rational way the tensile 645 behaviors observed, useful from a design perspective. In Figure 27 , this sys-646 tematic approach of the tensile stress-crack opening behavior is summarized opening design curve (see Figure 27 ). 
710
The assessment of the tensile stress-crack opening behavior is important 711 to the material constitutive modeling and the design of structures based on 712 the finite element method. The response obtained can be summarized into
